Recent studies show that participants can engage in motor imagery (MI) and action observation (AO) simultaneously (AO + MI), indicating a capacity for dual action simulation. Here we studied the electrophysiological correlates and behavioural outcomes of two forms of AO + MI, along with pure MI and pure AO control conditions. In synchronised AO + MI, participants imagined performing a rhythmical action in synchrony with an observed distractor action. In contrast in static AO + MI, where the imagery served to conflict with AO, participants imagined holding a static hand posture during AO. Following synchronised AO + MI, rhythmical execution was strongly biased toward the cycle time of the previously observed rhythm ('imitation bias'), whereas a weaker bias was found following pure MI, and particularly for static AO + MI. In line with these findings, event-related desynchronisation (ERD) in primary sensorimotor and parietal regions was more pronounced in synchronised AO + MI compared to both pure AO and pure MI. These ERD amplitudes were, however, highly similar for static and synchronised AO + MI; suggesting that, regardless of co-represented content, both AO + MI states produced stronger motor activations than single action simulation. In contrast, synchronised AO + MI produced significantly stronger ERD in rostral prefrontal cortex compared to the other three conditions. This specific rostral prefrontal involvement most likely reflected additional cognitive processing for aligning dual action simulations. Together these results provide an important empirical validation of different AO + MI states, in that the imitation bias was strongly modulated by the content of the AO + MI instructions, and that synchronised AO + MI produced stronger behavioural and neurophysiological effects compared to pure AO or MI.
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Introduction
Action observation (AO) and motor imagery (MI) can be regarded as two forms of motor simulation, which both involve the motor system but do not include actual motor execution (Jeannerod, 1994 (Jeannerod, , 2001 (Jeannerod, , 2006 . Despite this early integrative account, AO and MI have, up until recently, largely been studied in isolation from each other (Vogt, Di Rienzo, Collet, Collins, & Guillot, 2013) . One important and seemingly overlooked issue is the possibility that participants can engage in AO and MI simultaneously ('AO + MI'), wherein their contents can coincide, complement each other, or compete (ibid.). In a recent behavioural study (Eaves, Haythornthwaite, & Vogt, 2014) , we indeed demonstrated that the particular contents of MI during AO can substantially modulate automatic imitation effects in movement kinematics. The experimental paradigm employed thus proved a useful tool for studying dual motor representations. In the present study we used the same paradigm to explore the neural correlates of two different AO + MI states (synchronised vs. static, see below), compared with both pure AO and pure MI. Our primary focus was on the related brain activity using electroencephalography (EEG), and we also report the automatic imitation effect as an 'imitation bias' in subsequent movement kinematics. Next we describe the background of the present research, followed by the aims of both the behavioural and electrophysiological analyses.
Previously we showed that observing a task-irrelevant rhythmical action, in either a fast or slow pace, during a motor preparatory phase significantly biased the cycle time of a subsequently executed rhythmical action (Eaves, Turgeon, & Vogt, 2012 
